Abstract: This paper provides the analysis of wavelength converted pulses obtained with a simple semiconductor optical amplifier (SOA)-based wavelength conversion scheme, which exploits cross phase modulation (XPM) in an SOA in conjunction with shifted filtering. The analysis includes experimental measurements of the back-to-back system performances as well as frequency-resolved optical gating (FROG) characterisations of the wavelength converted pulses. These measurements are implemented at different bit rates up to 80 Gbit/s and for both red and blue shifted filtering, particularly showing different patterning effect dependences of red and blue shifting techniques. This analysis is developed by the addition of a numerical study which corroborates the experimental results. A further understanding of the different performances of red and blue filtering techniques, presented in the literature, can thus be proposed.
Analysis of bit rate dependence up to 80 Gbit/s of a simple wavelength converter based on XPM in a SOA and a shifted filtering 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The blue shifted filtering (BSF) technique shows optimum performance as regards to patterning effects even if the wavelength converted pulses can be larger.
Introduction
With ever increasing demand for high-bandwidth applications, the growth towards implementing Tbit/s optical networks continues. Wavelength division multiplexing (WDM)
is currently the optical multiplexing technique of choice in order to exploit the large bandwidth capabilities provided by optical fibre. As individual bit rates increase, all-optical processing techniques will be required to provide simple network management.
In particular, wavelength converters will be key elements of optical networks, in that they enable simpler network operation and provide dynamic provisioning in order to make full use of the available bandwidth [1, 2] . Presently individual channel rates do not exceed 40 Gbit/s, however the bit rate of each individual line is set to increase to even greater capacities.
Therefore there is a need to design and develop all-optical wavelength converters that can perform at bit rates greater than 40 Gbit/s.
Future all-optical wavelength converters must meet certain criteria such as simple and stable operation, cost effectiveness and low energy consumption. A semiconductor optical amplifier (SOA) is a candidate which meets all of the above criteria [3] . In addition these components have a small footprint, hold possibilities for monolithic integration [4] , polarisation insensitivity [5] , and exhibit high nonlinearities for low input powers (compared to nonlinearities in fibres). Thus SOAs are ideal candidates for use as ultrafast wavelength converters [6, 7] .
One method of implementing wavelength conversion with SOAs is to use cross gain modulation (XGM). However the main disadvantages of this process are the polarity inversion of the output data in comparison to the input signal, the poor output extinction ratio 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 40-100's ps for different SOAs [8] . A solution to overcome these disadvantages is to use cross phase modulation (XPM) in a SOA in conjunction with an interferometer [9] [10] [11] .
However such schemes are often complicated and generally display problems with stability for example due to polarisation sensitivity. A simpler technique is to use a shifted bandpass filter (BPF) following the SOA. This was first proposed by Ellis et al. [12] and has recently
shown to operate at very high bit rates by Liu et al. [13] . This solution overcomes the limitation due to the slow gain recovery time of SOAs and improves the extinction ratio in comparison with simple XGM. However the output data polarity is still inverted and the extinction ratio is insufficient. Cho et al. [14] presented a similar scheme but the proposed setup preserves the polarity of the input data by spectrally shifting the filter further from the continuous wave probe signal, thus primarily exploiting XPM in the SOA, in the same way as using phase modulation in a fibre associated with a shifted filter [15, 16] . This kind of device gives an enhanced extinction ratio and has enabled operation at high bit rates [17] . Fu et al. [18] have experimentally characterised the evolution of the wavelength converted pulse shape as the filter is shifted toward either longer (red) or shorter (blue) wavelengths at a bit rate of 10 Gbit/s. At this bit rate, Chayet et al. [19] have demonstrated the regenerative properties of such a scheme based on a high wavelength (red shifted) filtering. However these papers do not consider the dependence of the wavelength converted pulses for both blue and red shifting techniques on the increasing bit rate. In order to achieve high bit rate performances, the addition of an interferometer to the bandpass filter in order to optimize the filtering has also been proposed [20, 21] achieving wavelength conversion up to 160 Gbit/s [22, 23] . However the use of an interferometer impacts negatively the stability and the simplicity of the device.
Finally a promising scheme has recently been proposed [24] , coupling two bandpass filters, respectively red and blue shifted, but the demonstrated bit rate did not exceed 40 Gbit/s up to now. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 In this paper we present an analysis of wavelength converted pulses obtained with a simple scheme which primarily exploits XPM in an SOA in conjunction with a shifted BPF.
This scheme offers the advantages of simplicity, polarisation insensitivity, stability, polarity preservation and large output extinction ratio. The analysis investigates the scheme in terms of performance up to bit rates of 80 Gbit/s and examines the output pulse and chirp profiles dependent on the repetition rate of the wavelength converted pulses and on the placement of the shifted filter to conserve either red or blue spectral components.
The paper is organized as follows: Section 2 describes the principle of the studied wavelength converter. Section 3 presents the back-to-back bit error rate (BER) performances of the wavelength conversion scheme and analyzes their temporal and chirp output profiles using frequency-resolved optical gating (FROG) measurements at increasing repetition rates up to 80 GHz. Section 4 proposes a numerical support to the experimental study in order to bring a full understanding of the wavelength converter behaviour.
Principle of the wavelength converter
The principle of the SOA and filter-based wavelength converter, which is illustrated in The input data signal modulates the gain in the SOA due to gain saturation. In the same way the refractive index and thus the phase of the probe are also modulated. This process of XPM causes a shift of the probe spectral components firstly to longer wavelengths, known as red-shifting and then to shorter wavelengths known as blue-shifting. Fig. 2 is an illustrative view of the corresponding temporal effects between an input pump pulse, the dynamic SOA Generally a BPF is placed after the SOA, to reject the original input data signal. By shifting this filter off centre to select the red shifted or blue-shifted spectral components of the probe signal, the limitations typically governed by the slow gain recovery time of the SOA can be overcome, taking advantage of the short time scale on which the chirp occurs [22] . If the filter is placed further to longer or shorter wavelengths so as to suppress the spectral component of the probe at  2 , the phase modulation of the probe signal can be converted into intensity modulation and thus the polarity of the input signal can be preserved [15, 17] . This can be explained in further detail: When a low energy pulse ('0') enters the SOA, there is no saturation of its gain and thus there is no corresponding wavelength shift of the probe spectral components. Thus the filter rejects the CW probe signal. On the contrary when a high energy pulse ('1') enters the SOA, the probe spectral components are first shifted towards the longer wavelengths (red shift) and then to shorter wavelengths (blue shift). Thus depending on the filter bandpass either the red or blue shifted spectral components are maintained while the other probe spectral components (including the central component at  2 ) are suppressed.
The power efficiency of this technique increases as the amount of induced spectral broadening (i.e. 'chirp') becomes larger. Therefore the shorter and more energetic the input pulses are, the more efficient the process is, particularly thanks to intra-band effects [25] . In addition the more suppressed the central component of the probe (at  2 ) is, the larger is the output extinction ratio. Therefore, on one hand, if the input probe power is high, the used filter has more difficulties in rejecting the probe central component properly, and thus the extinction ratio is degraded. On the other hand, the gain recovery time is shorter [26] and the cross modulation processes are better. A trade-off must then be found on the input probe power. Finally we can also note that, as regards to the pump and probe wavelength detuning, the best way is to have a probe wavelength longer than that of the pump. In this case, the probe power can be significantly increased without too much limiting the gain compression 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 induced by the pump, which is a well-known result on XGM technique [6] . Moreover, the phase-amplitude coupling is then higher at the probe wavelength and the amount of induced chirp can therefore be greater [22] .
Experimental observations
The aim of the following experimental study is the analysis of the behaviour of such a wavelength converter at different bit rates in the case of both blue-shifted filtering (BSF) and red-shifted filtering (RSF). The analysis consists of BER measurements versus received power and a pulse and chirp characterisation of the wavelength converted pulses at different bit repetition rates up to 80 GHz (10, 20, 40 and 80 GHz) to explore the wavelength converted signal dependence on its preceding pattern.
Experimental set up
The experimental set up is shown in Fig. 3 . Mode-locked pulses with a full width at half maximum (FWHM) of 2.3 ps are generated at a repetition rate of 10 GHz and at a wavelength of 1545 nm. The pulses are amplified using an erbium doped fiber amplifier (EDFA) and passed through a Mach-Zehnder intensity modulator to obtain a 10 Gbit/s RZ-PRBS of length 2 7 -1. The data signal is then passively multiplexed to the required bit rate of 10, 20, 40, or 80 Gbit/s. At 80 Gbit/s the average pulse power is 0 dBm (energy = 12.5 fJ,) and is reduced by 3 dB as the bit rate is decreased by half to maintain a constant pulse energy. The wavelength conversion scheme consists of injecting a CW signal coupled with the pump signal into an SOA. The probe power measured at the SOA input is 2.5 dBm. It ensures the best compromise between the processes speed and extinction ratio in our experiment, as it has been explained previously.
The measured slow gain recovery time of this SOA is 55 ps at a bias current of 250 mA.
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Therefore to obtain optimised red and blue shifted filtering the probe signal is set at a wavelength of 1551.91 nm and 1558.6 nm respectively. This first filter has a sharp band edge, which is used to reject the original pump signal and to significantly reduce the CW portion of the probe. The second 3 nm tunable Gaussian filter is used to suppress further the CW signal and thus give an improved extinction ratio. An intermediate EDFA between the two filters is required to compensate for the high insertion loss due to the shifted filtering.
The average power at the output of the wavelength converter is measured at approximately -2 dBm at 80 Gbit/s. Fig. 4 shows the signal spectra at the input of the wavelength converter, at the output of the SOA and after RSF and BSF.
Bit error rate measurements
To measure the BER, the signal was demultiplexed from 80 Gbit/s to 20 Gbit/s optically via two electro-absorption modulators and was then electrically demultiplexed to 10 Gbit/s.
The power received level was measured at 20 Gbit/s just before the photodiode preceding the electrical demultiplexer. The BER measurements for both BSF and RSF at 80 Gbit/s are displayed in Fig. 5 , in addition to a back-to-back measurement without wavelength conversion.
A BER of less than 10 -9 was obtained at 80 Gbit/s with BSF as previously presented in [27] . A penalty of 2.5 dB compared to the back-to-back curve was observed at a BER of 10 -9 .
In contrast, the RSF technique only achieved a BER of less than 10 -9 at 40 Gbit/s. Fig. 5 shows an error floor at a BER of 10 -7 for 80 Gbit/s using RSF. This clearly highlights a different dependence on patterning effects between RSF and BSF techniques. The error floor present for the RSF technique is due to patterning effects as a consequence of the incomplete gain recovery of the SOA. These patterning effects are clearly observed in the oscilloscope traces shown in Fig. 5 . These oscilloscope traces were measured by applying the 00001010 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 pattern to the wavelength conversion device in order to simply analyze a characteristic sampling of the signal. These traces show that in the RSF case patterning effects lead to a significant reduction in the power of the second '1' whereas these patterning effects are significantly reduced (almost negligible) in the case of BSF. This is because the probe spectral component shift to the high wavelengths (red chirp) happens at the same time as the gain compression by the pulse whereas the blue chirp occurs when the gain recovers, as shown in Fig. 2 . Thus the amount of red chirp, on which the RSF technique is based, is largely more dependent on how well the gain has recovered than the blue chirp, on which the BSF technique is based. This will be explained in more detail in paragraph 4 with the aid of FROG characterisations and numerical results.
As shown in Fig. 6 , these patterning effects lead to a small eye opening for the RSF case, while the BSF case retains a large eye opening, thus 80 Gbit/s error free performances can be achieved.
We can note that these observations are consistent with the results presented in the literature, demonstrating the RSF best performances at a bit rate not greater than 10 Gbit/s [19] and achieving high bit rate performances only with the BSF technique [12, 13, 17, 23, 27] or the combination of both techniques [24] .
FROG characterisation
The converted pulses after each type of filtering and at each repetition rate of 10, 20, 40
and 80 GHz are now analyzed by the FROG technique [28] . The FROG setup consists of a second harmonic generation (SHG) autocorrelator followed by a high resolution spectrometer.
For SHG, we used a LiNbO 3 crystal with an estimated interaction length of 250 µm. The SHG signal was spectrally resolved using a spectrometer with a charged coupled detector (CCD) array mounted on the output. The resulting spectrograms, which were obtained from the experimental FROG setup, were then used to retrieve the pulse intensity and phase using 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 the FROG phase retrieval algorithm of generalized projections (GP) [29] . For all the experimental results reported below, the transmission quality was checked with standard criteria, including inspection of the FROG frequency and delay margins, and comparing the spectrum and autocorrelation derived from the retrieved field with those directly measured.
Pulse retrieval for the characterization carried out in this work, routinely gave low retrieval errors < 0.005 [29] with a 128x128 grid (i.e. 128 spectral and temporal points). This FROG measurement scheme overcomes the limitations of other pulse measurement schemes (such as autocorrelation or a photodiode in conjunction with an oscilloscope) which must make assumptions about the pulse shape and render no phase information.
The experimental setup remained the same as described above (in Fig. 3 ), however no data was applied to the intensity modulator, to obtain optimum pulse characterisation using the FROG technique. The FROG characterisation was carried out before any demultiplexing stage. Thus the analysis block comprises the SHG FROG preceded by an EDFA in order to obtain maximum sensitivity of the measurement scheme. This EDFA is designed specifically for short pulse amplification such that it does not introduce any chirp or alter the pulse shape.
The temporal profile of the pulses as measured by the FROG after red and blue shifted filtering at repetition rates of 10, 20, 40, and 80 GHz are displayed on Fig. 7 , to examine how the repetition rate can affect the output pulse shape and chirp of the two wavelength conversion schemes [30] .
While the measured pulses at these four repetition rates do not represent all the possible pulse variations that may be generated by patterning, they can give an overview of the wavelength converter behaviour as the bit rate is increased. Indeed it can be considered that the 80 GHz repetition rate corresponds to the case when the SOA's gain is maximally depleted, the 10 GHz repetition rate corresponds to the case where the gain has sufficient time 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 to completely recover between pulses while both 20 GHz and 40 GHz pulse represent two cases between these extremes.
This analysis shows that the wavelength converted pulses from the RSF technique are narrow, with a FWHM over the same time scale as the input pulse width (2 ps). This short pulse width looks very promising, that is why in Ref. [18] , it has been shown that RSF gives optimum performance. However, this study does not take into account the bite rate dependence of the technique, which was observed thanks to BER measurements and has also been emphasized with the FROG analysis. Indeed the patterning effects resulting from going to higher bit rates are evident from the amplitude decrease in FROG traces taken with increasing input repetition rates.
In the case of BSF, illustrated in Fig. 7(b) , the wavelength converted pulses are much broader; however the impact of patterning effects is far less evident as shown by the pulses being more independent of repetition rate. These assumptions will be confirmed thanks to the numerical study of the section 4. Nevertheless, the large pulse width around 7 ps after BSF may limit this type of wavelength conversion and could prevent from obtaining error free performance at bit rates greater than 80 Gbit/s.
The chirp following RSF and BSF is displayed in Fig. 8 and is overlaid on a normalized intensity profile (10 GHz). As expected, the resultant chirp is approximately linear as the changes in chirp after the SOA are converted into amplitude changes by the filtering. This would allow for the pulses to be compressed by using linear dispersion compensating techniques and thus could offer possibilities to transmit data at bit rates above 80 Gbit/s . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 been carried on. A simple numerical model of the wavelength converter was constructed based on the SOA model proposed by Hong et al. [31] . The evolution of the electric field E(t)
as it propagates through the SOA is given by equation (1) . It is a function of the gain with variations due to carrier depletion g N , which is given by equation (2), and the gain compression due to carrier heating and spectral hole burning Δg T (t), which is given by equation (3).
Here, u(t) is the unit step function, while the other parameters are defined in Table 1 .
The saturation energy W s is given by equation (4), where hν is the photon energy. These equations are the same as those presented by Hong with some simplifications: We have chosen to neglect the two photon absorption and Kerr effect terms and the wavelength dependence of the gain because the influence of these factors was found to be negligible for pulse durations of the order of several picoseconds. Equation (2) has also been modified to allow for a finite carrier recombination lifetime τ 1 , since the pulse duration and repetition period are of the same order as this time constant. Furthermore we decided to neglect the contribution of the amplified spontaneous emission as, in the experiment, the involved input pulse powers are high and the ASE was thus saturated. For a more complete SOA model which incorporates all these factors the reader is directed to the work of Wang et al. [23] .
Equations (1)- (3) were used to simulate the experimental setup outlined in Section 2. The both filter shapes were modelled and combined like in the experimental setup. The resulting   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 temporal profiles of the wavelength converted pulses for the two filtering configurations and the four repetition rates are given in Fig. 9 . When compared to the experimental results given in Fig. 7 , these simulations show good qualitative agreement.
Two main factors influence the shape and amplitude of the wavelength converted pulses.
Firstly the magnitude of the SOA induced frequency chirp which combined with the filter profile controls the time dependant filter transmission. This is expressed in the model through the phase modulation imparted by the alpha parameters α N and α T . Secondly the SOA's time varying gain which is experienced by the CW probe also affects the output pulse shape. This is given by the real parts of g N and Δg T in equation (1) . The SOA induced chirp and the corresponding gain responses at the different studied repetition rates are plotted on Fig. 10 thanks to the numerical model. This figure clearly shows the patterning effects induced on the gain (which is well-known) and the chirp. What can be pointed out is that the amount of red chirp is influenced by patterning effects whereas the level of blue chirp remains quite constant whatever the repetition rate. As it indeed turns out, the red chirp corresponds to the gain compression (as it is shown on Fig. 2 ) and thus if the compression rate changes due to patterning effects, consequently the amount of red chirp varies. On the contrary, the blue chirp is linked to the gain recovery (cf Fig. 2) , which does not depend on patterning effects.
Furthermore the blue chirp takes advantages of intra-band effects which decrease nonlinear patterning dependence [25] .
These explanations lead to a better understanding of wavelength converted pulse shapes in case of RSF and BSF techniques.
The RSF pulses depend on the fast gain saturation effect that occurs approximately over the pulse width of the input pulse (2 ps). Due to this fast depletion of carriers the corresponding red chirp, which occurs over the same time scale, causes the spectral 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 components of the wavelength converted probe signal to shift to longer wavelengths. This allows only these spectral components to pass through the filter thus outputting a very short pulse as can be seen in Fig. 7(a) and Fig. 9(a) . However, the amount of red chirp depends on the carrier density and thus on the carrier lifetime. Consequently, if there is not a complete gain recovery before the onset of the next pulse, there is a smaller red shift of the probe and thus there is less power output from the filter. Therefore the major drawback of RSF is the patterning effects resulting from going to higher bit rates, as is evident from the amplitude decrease in FROG traces or numerical results taken with increasing input repetition rates as well as from the previous BER measurements.
In BSF technique, as the blue chirp is smaller than the red chirp, because the phase recovers over a longer timescale, the wavelength converted pulses are longer than the RSF case, which is confirmed in both experimental and theoretical results. One can also note that, in contrast to the red chirp, the model shows that the magnitude of blue frequency chirp increases slightly with repetition rate, as demonstrated on Fig. 10 . In the case of BSF this means that for a carefully positioned filter, the filter's transmission increases when the pulse separation is decreased. This has also been noted in [24] where it was used to balance the patterning of the RSF. However, for the single BSF technique used here the patterning can also be reduced, using the fact that while the BSF filter transmission increases with repetition rate the gain decreases. These two opposite effects can, to some extent, be balanced thereby leading to a much more repetition rate independent output pulse as shown in Fig. 7(b) and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 SOA chirp dynamics (and filter transmission) are the dominant processes. Fig. 7(b) and Fig. 9 (b) represent a more optimal filter position where the two processes are of similar magnitude.
Conclusion
We have presented a large analysis of pulses obtained thanks to an SOA-based shifted filtering wavelength conversion scheme. By placing a filter so as to suppress the central component of the probe following the SOA, polarity preserved wavelength conversion can be achieved. Back-to-back system performance was analyzed and it showed that placing the filter to retain the blue spectral components can give error free performance up to 80 Gbit/s.
Characterisation of both the RSF and BSF was carried out using the FROG measurement technique, which showed that the pulse shape is largely dependent on the input data pattern.
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The symbols are those used in the different equations described in the paper. This table also shows the chosen value for these parameters. Dear Editor, Please find our submission to Optics Communications. This paper is entitled "Analysis of bit rate dependence up to 80 Gbit/s of a simple wavelength converter based on XPM in a SOA and a shifted filtering" and the authors are Gwenaëlle Girault, Aisling Clarke, Douglas Reid, Céline Guignard, Prince Anandarajah, Laurent Bramerie, Liam Barry, Jean-Claude Simon and John Harvey from the laboratories CNRS Foton-Enssat in Lannion (France), RINCE in Dublin (Ireland) and Auckland University (New Zealand).
This paper deals with the study of a simple wavelength converter based on cross phase modulation in a semiconductor optical amplifier in conjunction with a shifted filtering allowing data polarity preservation and operating at high bit rates up to 80 Gbit/s. We provide a analysis of wavelength converted pulses obtained thanks to the proposed scheme including experimental BER measurements of the back-to-back system performance as well as a frequency-resolved optical gating (FROG) characterization. This allows us to compare system performance and wavelength converted pulse shapes for both red and blue shifted filtering. These experimental results are supported by a numerical study which helps to achieve a better understanding of the roles of the involved physical phenomena. The placement of the filter to undertake blue shifted filtering shows optimum performance in comparison to red shifted filtering as regards to patterning effects at high bit rate.
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